Chemical synthesis strategies for the design of the small 2thioxanthine derivative (TXn) library Scheme 1
Rieux et al. Thiopurine derivative-induced Fpg/Nei DNA glycosylase inhibition: structural, dynamic and functional insights
The reactions were monitored by thin-layer chromatography (TLC) analysis using silica gel (60 F254) plates. The compounds were visualized by UV irradiation. Flash column chromatography was performed on silica gel 60 (230−400.13 mesh, 0.040 0.063 mm). The infrared spectra of compounds are given in cm -1 . Further, 1 H and 13C NMR spectra were recorded at 250 nm (13C, 62.9 MHz) or at 400 nm (13C, 100.62 MHz). Chemical shifts are given in parts per million using tetramethylsilane (TMS) as an internal standard. Coupling constants (J) are reported in Hertz (Hz). All reactions under microwave irradiation were performed using the Biotage Initiator microwave in 2-5 mL or 10-20 mL sealed tubes. High-resolution mass spectra (HRMS) were performed on a quadrupole analyzer. 4,6-Dihydroxy-2-methylpyrimidine 1 (CAS : 1194-22-5) To a stirred solution of sodium ethoxide, prepared from sodium (210 mg, 9.13 mmol) and ethanol (4 mL), acetamidine hydrochloride (290 mg, 3.066 mmol, 1 eq) was added in one portion (rinsed with ethanol, 0.5 mL). After 5 min, diethyl malonate (0.41 mL, 2.7 mmol, 0.9 eq) was added in the above suspension (rinsed with ethanol, 1 mL). The reaction mixture was refluxed (85°C) for 3 h, allowed to cool to room temperature, and diluted with water (4 mL). After all the precipitate was dissolved, concentrated hydrochloric acid (0.6 mL) was added dropwise. The precipitate was collected, washed with water (2 mL), ethanol (2 mL) and ether (2 mL), and then dried under a vacuum.
White solid (69%); IR: 3078, 2793, 2584, 1622, 1573, 1450, 1325, 1041, 982, 933; To a mixture of nitric acid (fuming, 0.5 mL, 6 eq) and acetic acid (glacial, 0.25 mL) at 10-15°C, 1 (246 mg, 1.86 mmol, 1 eq) was added in portions over a period of 30 min. The reaction mixture was stirred for 3 h at room temperature, cooled to 0°C, diluted with cold water (0-5°C, 0.4 ml), stirred for 3 min more, and then filtered. The solid was washed with cold water (0-5°C, 0.2 ml), ethanol (1 mL) and ether (2 mL) and dried under a vacuum.
White solid (67%); IR: 3537, 3458, 2815, 2711, 1673, 1627, 1361, 1299, 1275, 1050, 785; To a suspension of 2 (241 mg, 1.36 mmol, 1 eq) in phosphorus oxychloride (1 mL) N,Ndiethylaniline (0.28 mL, 1.76 mmol) was added dropwise. The reaction mixture was refluxed (115°C bath) for 2.5 h and then cooled to room temperature. Excess phosphorus oxychloride was evaporated under a vacuum. The residue was diluted with ether and poured onto ice. The water layer was extracted with ether (3x5 mL). The combined organic extract was washed with saturated solutions of sodium bicarbonate and sodium chloride, dried over sodium sulfate, and evaporated under a vacuum.
Light brown crystals (64 %); IR: 3537, 3464, 2923, 2847, 2701, 1673, 1627, 1589, 1360, 1280, 1048, 784 ; 1 H NMR (DMSO-D6, 250 MHz): δ 2.7 (s, 3H); HRMS (ESI) : not detected.
5-Amino-4,6-dichloro-2-methylpyrimidine 4 (CAS : 39906-04-2)
The product 3 (20.2 g, 0.097 mol, 1 eq) was dissolved in a mixture of hydrochloric acid (10 mL) and ethanol (200 mL). One portion of iron powder (16.4 g, 0.293 mol, 3 eq) was added to this solution. The mixture was then refluxed for 8 h, cooled to room temperature, and filtered through a pad of Celite. The filtrate was concentrated in vacuo. The residue was extracted with EtOAc, and the organic extract was washed with 1 N NaOH, water and brine and dried over anhydrous MgSO4. It was then filtered and concentrated in vacuo to a tan solid. Purification by recrystallization from water yielded the pure product.
White crystals (82 %); IR: 3449, 3336, 3341, 3293, 1607, 1505, 1430, 1315, 1123, 913, 788; 2-Methyl-4,6-dichloro-5-aminopyrimidine 5 (CAS : 933-80-2)
The product 4 (1.00 g) and ammonium hydroxide (5.0 mL, 28.0% -30.0 %) were placed in a microwave vial. The vial was sealed and heated in a microwave reactor at 120 °C for 25 min. The reaction mixture was cooled to room temperature and concentrated to give 6-chloro-2-methylpyrimidine-4,5-diamine.
Light brown solid (70 %); IR : 3347, 3293, 3131, 3034, 2800, 1657, 1545, 1397, 1236, 865; The compound 5 (0.5 g, 3.155 mmol, 1 eq) was suspended in triethyl orthoformate (5.62 mL, 33.8 mmol, 10.7 eq), placed in a preheated oil bath (100 °C) and stirred for 75 min. The reaction mixture was cooled to room temperature, concentrated, treated with hexanes and filtered. The solid was washed with hexanes and dried to yield 6-chloro-2-methyl-9H-purine.
Light brown solid (84%); IR: 3110, 2955, 2923, 2768, 2714, 2673, 1613, 1592, 1386, 1292, 1224, 952, 886, 810 The compound 5 (0.100 g, 0.63 mmol, 1 eq) and urea (0.213g, 3.5 mmol, 5.5 eq) are mixed in a flask with stirring and heated to 160 ° C for 45 min. The agitation became difficult. The residue was purified by silica gel column chromatography.
White solid (20%); IR: 3129, 3021, 2980, 2777, 1738, 1593, 1426, 1392, 1222, 1182, 1043, 1005, 901, 711, 1 A solution of 6 (100 mg, 5.94 mmol, 1 eq) in a 1:1 mixture of water (8.7mL) and formic acid (8.7 mL) was stirred for 20 h at 40 °C. After evaporation of all volatiles, the residue was purified by silica gel column chromatography (EtOAc/MeOH, 9:1) White solid (80%); IR 3092, 3027, 2927, 2797, 2679, 1686, 1364, 1260, 1185, 957, 807 A solution of 6 (200 mg, 1.19 mmol, 1 eq) and thiourea (399 mg, 5.24 mmol, 4.42 eq) in ethanol was stirred at reflux for 1h. After cooling to room temperature, the result was filtered, and the residue was purified by silica gel column chromatography (EtOAc/MeOH, 8:2) Beige solid (35%), IR: 3010, 2946, 25581551, 1418, 1356, 1191, 1137, 1007, 794, 1 A 0.5-2 mL vial was loaded a solution of 6 (0.1 g, 0.593 mmol, 1 eq) and NaOH (71 mg, 1.77 mmol, 3 eq) in methanol (1.2 mL). After microwaving at 100°C for 40 min, the volatiles were evaporated under reduced pressure. The resulting residue was then purified by silica gel chromatography (EtOAc/ MeOH).
White solid (81%) ; IR : 3008, 2945, 2752, 2546, 1613, 1591, 1566, 1397, 1382, 1268, 1116, 949, 794 A 2-5 mL vial was charged with 6 (0.150 g, 0.88 mmol, 1 eq), n-butanol (1.81 mL), methylamine (0.21mL, 5.33 mmol, 6 eq), and distilled triethylamine (0.37 mL, 2.6 mmol, 3 eq). After microwaving at 140 °C for 15 min, the solvent was removed under pressure, and the residue was purified by silica gel column chromatography (EtOAc/ MeOH).
White solid (58 %); IR: 3274, 3208, 3059, 2983, 2942, 1606, 1384, 1330, 1264, 1137, 931, 825, 704 To a solution of compound 6 (100 mg, 0.593 mmol, 1 eq ) in a 5:1 mixture of EtOH/H2O ( 6.7 mL/ 1.35 mL) NaN3 (115 mg, 1.77 mmol, 3 eq) was added. The mixture was stirred for2 h at 80°C and evaporated under reduced pressure. The crude product was dissolved in EtOH (8 mL ) and SnCl2, 2H2O ( 400 mg , 1.77 mmol, 3 eq) was added. The solution was refluxed for 2 h and concentrated in vacuo. The product was purified by silica gel column chromatography (EtOAc / MeOH, 8/2).
White solid (74 %); IR: 3325, 3151, 2755 3325, 3151, , 2695 3325, 3151, , 1664 3325, 3151, (NH2), 1593 3325, 3151, , 1426 3325, 3151, , 1393 3325, 3151, , 1264 Trifluoroacetamide (174 g, 1.54 mol, 10 eq) was heated in an oil bath at 110°C. After the trifluoroacetamide melted, 50 g of 5-aminoimidazole-4-carboxamide hydrochloride (25.0 g, 0.154 mol) was added. The mixture was warmed to reflux (bath temp 160°C to 165°C) for 4 h, cooled to ambient temperature and the rocky solid was triturated with 1 L of ether and stirred for 2 h. The solid was collected by suction filtration. The solid was dispersed in water, stirred for 1 h and collected by suction filtration. The solid was dried under a vacuum.
Blue solid (48%), IR: 3151, 3034, 2939 , 2800 , 1727 , 1687 , 1376 , 1336 , 1190 , 1143 A mixture of 1,9-dihydro-2-(trifluoromethyl)-6H-purin-6-one (5.00 g, 24.5 mmol) and chloroform (100 mL) was refluxed with stirring. A solution prepared by dropwise addition of thionyl chloride (8.9 mL, 122 mmol, 5 eq) to cold dimethylformamide (8.92 g, 122 mmol, 5 eq) was added to the refluxing mixture. After 1.5 h at reflux, the reaction was poured into ice water (400 mL). The layers were separated, and the chloroform phase was washed with water (4x 100 mL). The pH of the aqueous phase was adjusted to 7 with saturated sodium bicarbonate and extracted with ether (3x 400 mL). The combined ether and chloroform extracts were dried with MgSO4 and concentrated to dryness under reduced pressure .
White solid (64%), IR: 3 119, 3069, 2961 3 119, 3069, , 2929 3 119, 3069, , 2806 3 119, 3069, , 1358 3 119, 3069, , 1196 3 119, 3069, , 1142 
6-methoxy-2-(trifluoromethyl)-1H-Purine 15 (CAS: 658707-77-8): TX10
A 0.5-2 mL vial was loaded a solution of 6-chloro-2-trifluoromethyl-9H-purine (0.150 g, 0.673 mmol, 1 eq) and NaOH (81 mg, 2 mmol, and 3 eq) in methanol (1, 37 ml). After microwaving at 100°C for 40 min, the volatiles were distilled under reduced pressure; the resulting residue was then purified by silica gel chromatography. (EtOAc/ MeOH).
White solid (79 %), IR: 3119, 3005, 2951, 2781, 1628, 1391, 1285, 1138, 1117, 921, 804; 1 
N-methyl-2-(trifluoromethyl)-1H-Purin-6-amine 16 (CAS: 18925-07-0): TX11
A 2-5 mL vial was charged with 6-chloro-2-trifluoromethyl-9H-purine (0.100 g, 0.45 mmol, 1 eq), nbutanol ( 0.90 mL), methylamine (0.106 mL, 2.66 mL, 6 eq), and distilled triethylamine ( 0.188 mL, 1.33 mmol, 3 eq). After microwave at 140 °C for 15 min, the solvent was removed under pressure, and the residue was washed with EtOAc. The product was dried under reduced pressure.
White solid (53%), IR: 2974, 2942, 2601, 1628, 1474, 1444, 1396, 1226, 1142, 1035, 936 To a solution of 6-chloro-2-trifluoromethyl-9H-purine (0.150 g, 0.673 mmol, 1eq) in a 5:1 mixture of EtOH/H2O (7.5 mL / 1.5 mL), NaN3 (131 mg, 2 mmol, 3 eq) was added. The mixture was stirred for 2 h at 80°C and evaporated under reduced pressure. The crude product was dissolved in EtOH (9 mL) and SnCl2, 2H20 (456 mg, 2 mmol, 3 eq) was added. The solution was refluxed for 2 h and concentrated in vacuo. The product was washed with EtOAc and dried under reduced pressure.
White solid (67%), IR: 3345, 3154, 3068, 3033, 2850, 1668, 1615, 1436, 1189, 1141, 1129, 1052, 950, 805 Beige solid (54%), IR: 3348, 2724, 2358, 2196, 1652, 1580, 1551, 1418, 1356, 1191, 1137, 1007, 892, 1 The compound 4,5-diamino-6-hydroxy-2-mercaptopyrimidine (MW 158, Aldrich 95%, used as supplied, 500 mg) was refluxed with 90% formic acid (50 mL) for 2 h in a 3-neck flask with mechanical stirring. The mixture initially solidified and an additional 0.5 mL formic acid was added. The mixture was cooled on ice and crude 4-amino-5-formamido-6-hydroxy-2mercaptopyrirnidine was filtered on a large sinter. It was covered with a rubber dam and dried under vacuum for 30 min giving a light-yellow product. The filtration cake was suspended in formamide (1.12 mL) in a large beaker and heated at 175-185 °C (bath temperature) in a liquid paraffin bath with occasional hand stirring for 2 h. Considerable frothing occurred in the early stages. The mixture was cooled to room temperature and filtered with a dam on a large sinter, then dissolved in approximately 10 mL of 1M NaOH and precipitated with glacial AcOH at 10 °C. It was then filtered, pressed dry and vacuum dried at 95 °C for 2 h.
Light yellow Solid (97%), IR: 3585, 3100, 1678, 1565, 1422, 1209, 977, 950, 804, 517 structures The indicated -helices (cylinders) and -strands (arrows) are from LlFpg (observed in 1PM5). P1, E2 and K57 catalytic residues are boxed in black. Residues of the intercalation triad are in black letters on light purple background. The strictly conserved arginine (R) in the beta hairpin loop of the zincless and zinc finger is indicated by a white letter on a red background. The indicated residue numbers correspond to LlFpg. Predicted unstructured, the C-terminal of MvNei1 and hNeil1 proteins has been willingly omitted. The upper (LlFpg) and lower (hNeil1) mall cycles and lozenges highlight residues found by the flexible and blind docking involved in the binding area of the reduced and disulfide forms of 2TX and TX19 (see Table S1 and S2 for more details). Blue and red cycles are for residues involved in the area of binding sites I and II. Orange lozenges indicate residues involved in binding site III. 
Figure S13. Comparison between crystal structures and docking experiments
Among the poses of 2TX and TX19 having the best docking scores, some of them show a mode of binding at site II that is very similar to that observed in the corresponding crystallographic structures. The selected docking poses of 2TX and TX19 are represented by ball-and-thin sticks and are superimposed on the crystal structures of Fpg/DNA/2TX(TX19) ternary complexes. 2TX and TX19 in the crystal structures are represented by thick sticks. For clarity, the docked Fpg/DNA structure is deliberately omitted. Only docked 2TX and TX19 are represented.
